INTRODUCTION
The presence of cancer cells resistant to standard therapeutic methods is a very common problem in anticancer treatment. Many solid tumors contain hypoxia cells, resistant to ionizing radiation as well as chemotherapeutics [1] . To overcome such resistance, a new class of bioreductive drugs was proposed. The most popular is tirapazamine (TP) [2] . As TP is active against only hypoxic cells, it can be used in co-therapy with standard anticancer drugs [3] . A very good example of such combination therapy is the administration of bioreductive drugs, such as tirapazamine, together with other agents such as doxorubicin, cyclophosphamide, 5-fluoruracyl or cisplatin [3] . In the cell, whether normal or cancerous, TP is reduced through various NADPH and NADH reductases to TP radical (TP*-). At normoxia, TP*-is oxidized by oxygen, but under hypoxia conditions such oxidation is strongly limited and TP*-damages the DNA [4, 5] . There are multiple literature records regarding TP cytotoxicity on cancer cells, but there is limited data on Effect of tirapazamine on selected kidney parameters in rats treated with cisplatin Previous studies have shown that combined therapy of cisplatin and tirapazamine is very effective against solid tumors such as NSCLC or cervix cancer [14] . Still, although Phase I and II clinical trials have yielded promising results, little is known with regard to the modulation of potential side effects of this combined therapy [15] . The lack of information on this issue was the inspiration to undertake the on-going study on the role of tirapazamine in cisplatininduced nephrotoxicity.
MATERIALS AND METHODS

ANIMALS:
The experiment was carried out on adult male Wistar rats (Farm of Laboratory Rats, Brwinow, Poland) weighing 150-180 g. All animals were kept under normal laboratory conditions (22°C, 12h day/night cycle) with free access to water and food. The rats were adapted to the laboratory conditions for 7 days before the start of the experiment. All procedures were carried out in accordance with The animals were placed into six groups, as follows: I -Control group (saline); II -Cisplatin 2mg/kg (CP); III -Tirapazamine 5 mg/kg (5TP); IV -Tirapazamine 10 mg/kg (10TP); V -Tirapazamine 5 mg/kg + Cisplatin 2 mg/kg (5TP+CP); VI -Tirapazamine 10 mg/kg + Cisplatin 2 mg/kg (10TP+CP). The solutions of tirapazamine (ADVANCED TECH. & IND. CO., LTD., China) and Cisplatin (Cefarm, Lublin, Poland) were prepared ex tempore before every administration in saline (0.9% NaCl). TP was given i.p. in either 5 mg/kg or 10 mg/kg two hours prior to CP i.p. administration (2 mg/kg), All drugs were administered six times, in weekly intervals. All biological materials for further biochemical tests were collected one week after last dosage.
BIOCHEMICAL PARAMETERS
Blood for biochemical analysis was collected from the left ventricle into anticoagulant coated probes, centrifuged and the plasma was collected and stored at 4°C. In order to examine kidney parameters, samples of this organ were collected and stored at -75°C. On the day of analysis, the kidney samples were homogenized in 20 mM phosphate buffer (pH = 7.4) using a homogenizer equipped with a Teflon pestle. The homogenate was then centrifuged and the supernatant collected for further analysis. Urine was collected on the last day of the experiment from metabolic cages (SIMAX, Czech Republic), each designated for the individual rat in each group. All urine parameters were tested using specific urine test strips for automated urinalysis (Roche Diagnostics, USA). The following parameters were determined via Power Wave XS spectrophotometric plate reader: GSH/GSSG (Calbiochem, USA) ratio and total glutathione, total protein (Cormay, Poland), lipid peroxidation products (MDA+4HAE; Biotech LPO-586TM -OxisResearchTM, USA) concentration. For determining NADH and NADPH (Bio Vision, USA), a Victor III Fluorescence Reader (Perkin Elmer, USA) was used.
STATISTICS: All obtained data was processed using STATISTICA software. The statistical significance of differences between the control group and the tested groups was determined with either Manna-Whitney U test or t-Student test. The differences were classified as significant if p <0.05. To compare more than two groups, one-way analysis of ANOVA variance and post-hoc tests of multiple comparisons (HSD Tukey or Dunnett's test) were used. A 5% error of inference and associated significance level p <0.05 indicating the presence of statistically significant differences or dependencies was accepted.
RESULTS
Our experiment revealed that the GSH/GSSG ratio was elevated in all the tested groups compared to the control group, except for the group where lower (5TP) tirapazamine concentration was administered (Table 1) . Moreover, statistically significant changes in total glutathione concentration in comparison with the control group were exhibited only in this particular group (5TP) ( Table 2 ). Herein, concentration of this parameter was decreased by almost 12% in comparison with the control group. There was no observed impact of tirapazamine on either GSH/GSSG ratio or total glutathione concentration as compared to the groups receiving only cisplatin. The study revealed elevated concentration of lipid peroxidation products (MDA+4HAE) only in the group of animals where CP and 5 mg/kg TP was administered together (Table 3) , as compared to the control group. Such statistically significant effect was not observed for the animals that had received either 10TP+CP or CP alone. No statistically significant differences in rat's kidney NADPH concentration in any of tested groups were observed (Table 4 , whereas rats in all tested groups had significantly lowered NADH concentration in comparison with the control group (Table 5) . Furthermore, combined administration of TP and CP (both 5 mg/kg and 10 mg/kg TP groups) resulted in increased total protein concentration as compared to the control group (Table 6 ). Urinalysis determinations revealed that the pH level in 5TP+CP group was under 7.0 -which indicated acidity, whereas pH in other groups remained at the same level as the control group ( Table 7) . The specific gravity of urine remained unaffected (Table 8 ). Urine analysis revealed no statistically significant changes in the concentration of glucose, urobilinogen, bilirubin, nitrates or erythrocytes in any of the tested groups as compared to the control group (Table 9) . Still, significant changes in protein concentration were observed for both 5TP+CP and 10TP+CP versus CP alone group, clearly showing that the TP addition in these groups resulted in increased protein concentration. Additionally, urinalysis demonstrated the protective activity of TP in case of preventing potential bacterial infection caused by CP.
To sum up, the analysis of aforementioned parameters lead to a conclusion that only in the case of protein concentration and bacterial flora, we could observe statistical significance between CP alone group and groups receiving TP and CP together. Table 9 . 
Current Issues in Pharmacy and Medical Sciences
DISCUSSION
The most common side effect of cisplatin therapy is nephrotoxicity. This is connected with the relatively high CP accumulation in the kidney, as well as with the role of this organ in platinum compound elimination. Detailed study of available literature regarding common mechanisms of action for TP and CP has helped to pinpoint redox imbalance as being this mechanism. Therefore, it was important to determine if both tested drugs exacerbated oxidative stress in the kidney.
Previous experiments in both in vitro and in vivo studies have shown that CP stimulates reactive oxygen species (ROS) formation [16, 17] . Indeed, a Cisplatin dose of 10 mg/kg leads to impairment of enzymatic antioxidative defense mechanisms (lowered activity of glutathione reductase) and an increase in both ROS formation and lipid peroxidation products concentration [18] . This is further supported by the increase in total protein concentration -indicating drug-induced cytotoxicity.
Compared to CP, the mechanisms of TP action are less known, but there are experiments which indicate that TP is capable of generating ROS. This effect is believed to be connected with the NADPH-dependent process of one and two-electron reduction of TP to its more reactive form (TP*-) [19] . Taking into consideration that both CP and TP could generate ROS, as well as the role of oxidative stress in cisplatin-dependent nephrotoxicity, it could be assumed that combined administration of these drugs might further enhance the cytotoxic effect on the kidney of rats. However, our study showed that the addition of TP to CP had no influence on either kidney oxidative stress or NADPH concentration if compared to CP alone group. Oxidative stress in kidney, evaluated through lipid peroxidation products (MDA +4HAE) comparison, revealed that only in case of 5TP+CP group does such stress occur.
In every group of rats receiving CP, the GSH/GSSG ratio was elevated in comparison with the control group. There were, however, no significant differences between CP and TP+CP groups. There were also no important changes in NADPH concentration in either group, while NADH was significantly lowered versus control group, which could indicate disorder in cell metabolism (free fatty acid beta oxidation and/or Krebs cycle inhibition). We didn't, however, observe any synergistic effect for this parameter in case of TP+CP groups, thus indicating that TP does not cause oxidative stress nor that is disrupts kidney redox equilibrium in rats receiving cisplatin.
Changes in redox equilibrium in all the groups receiving CP versus control group are seen in the GSH/GSSG ratios. These changes are the result of GSSG reduction alone because the kidney itself does not affect the anabolism/ catabolism of glutathione. This is supported by the fact that in all the tested CP groups, no significant changes in total glutathione concentration could be observed. It could be assumed, therefore, that the increase in GSH/GSSG ratio is a form of biological adaptive response to the cells impaired reduction capability. It should be noted that the material for analysis was collected 7 days after the last administration, therefore, the availability of CP to form complexes with GSH is significantly lowered. Despite this fact, earlier administration of CP could stimulate adaptive synthesis of GSH regeneration enzymes and this activity would be sustained even one week after last administration. This helps to explain why the GSH concentration in CP group was relatively higher than its physiological value. In reference to the previous statement regarding the adaptive response of enzymes responsible for GSH regeneration, it could be assumed that not only the activity is increased but also the concentration of NADPH generating enzymes. If the dynamics of generating NADPH and its utilization remain in balance, then even with NAPDH fast rotation in redox processes, its concentration remains the same. This allows us to understand why even though GSH concentration is elevated, the concentration of NADPH remains the same. In our study, no definitive signs of oxidative stress could be observed in the CP only group, while the GSH/GSSG was elevated in comparison with the control group. This indicates an increase in antioxidative defense capability, most likely as a form of adaptation. The incompatibility of our study with literature data regarding renal oxidative stress after CP administration (Table 6 ) could be the result of different dose, as well as time between last injection and biological materials collection. Many experiments use a CP dose of 5 mg/kg up to 15 mg/kg and their collection time is 72 hours after the last injection [17] . In our experiment, a lower dose (2 mg/kg) was used and the materials were collected 7 days after last administration.
Urinalysis revealed that tirapazamine had influence upon the rat kidney in which CP was previously administered only with reference to the protein level. TP increased protein concentration in both TP+CP groups versus CP alone group. However, without histopathological examination, we were unable to determine if the elevation in this particular parameter could result from the ongoing process of fibrosis occurring inside the kidney. Urinalysis also demonstrated the protective activity of TP in preventing potential bacterial infection caused by CP. However, in order to explain this beneficial mechanism of TP, further studies would be required.
Our study did not provide decisive evidence on the potential of tirapazamine to act as protective agent against cisplatin-induced nephrotoxicity. There are still too many questions regarding the effect of tirapazamine on normal cells, as well as potential side effects. Further research, including histological analysis of kidney as well as analysis of apoptosis pathways, would be required to provide satisfactory and conclusive statements regarding the potential of tirapazamine to efficiently decrease cisplatin-induced nephrotoxicity.
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